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ABSTRACT 



An opdcal head device which has: a lig^ source for pro- 
jecting laser light; a beam splitt^ for Fcfiecting the laser light 
onto an optical disk; an objective for f ocasing the reflected 
light on an infonnation recording surface of the optical disk 
to fonn a micro spot thereon; an optical detector far receiv- 
ing a lig^t component transmitted through the beam splitter 
of li^t reflected on the information recording surface and 
converting the light compon^t into an electrical signal; a 
variable aperture device for varying a diameter of the micro 
spot according to an external input, the variable aperture 
device being provided between the beam splitter and the 
objective; and a variable rotation angle dif&action grating 
for varying a rotation angle of a sub-beam for tracking of the 
laser li^t according to an external input, the variable 
rotation angle dif&action grating being provided between the 
li^t source and the beam splitter. 

7 Claims, 7 Drawing Sheets 
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OPTICAL HEAD DEVICE SUMMARY OF THE INVENTION 



FIELD OF THE INVENTION 

This invention relates to an optical head device, and more 
particulaily to, an optical head device for reproducing infor- 
mation recorded on an optical disk. 

BACKGROUND OF THE INVENTION 

A conventional qitical head device generally comprises a 
semiconductor laser as a light source, a diffiradion grating 
for generating three beams from the emitting li^t emitted of 
the semiconductor laser, a beam splitter for separating the 
light incided into two directions, an objective for focusing 
light on an optical disk and optical detector for converting 
the inciding light into an electrical signal, wherein a light 
beam is focused on the optical disk to form a micro spot 
thereon and a reproduction signal is taken from the reflecting 
Hght 

Here, in the optical head device which is to be adapted to 
a high-density recording medium, the size of a light spot 
which is projected on the recording medium needs to be 
reduced. The size of the light spot projected on the recording 
medium depends on a wavelength X of laser emitting light 
and a numerical aperture(N.A.) of an objective. Thus, to 
minimize the size of the light spot, the wavelength X. is 
shortened or N.A. is inaeased. 

Japanese patent application laid-open No3- 163732 dis- 
closes an optica] head device in which a variable aperture 
iris on the lig^t path of an objective is provided as means for 
changing the size of a spot projected on a recording medium. 
Fluthermore, Japanese patent application laid-open No.5- 
120720 discloses an optical head device in which an objec- 
tive and an aperture diameter varying means which com- 
prises a liquid crystal device and an analyzer, which arc 
integrated and simultaneously actuated by an objective 
actuator, are provided to vary tiie numerical aperture. These 
optical head device can control the focusing to respond to 
the variation of the disk surface and can control the tracking 
to respond to the eccentricity of the disk. 

However, in the alx>ve conventional optical head devices, 
the tracking cannot be stably controlled since the location of 
three beams caimot be controlled to respond to the change of 
the interval between pit rows due to the change of the 
recording density of the disk. Namely, when the shape 
(diameter) of tiie three beam spots is so different from the 
sh^(width) of the tracking pit, sudi three beam tracking 
error detection method cannot provide a ccarect readout of 
the tracking error signal 

In addition, none of the conventional optical head device 
has been designed to control the diameter of the beam spot 
projected on the i»t rows on the disk. Namely, in both the 
case that a high recording density medium is reproduced and 
the case that a normal recording density medium is 
rejffoduced, the diameter of the projecting spot is constant 

As a result, when an optical head device which is 
designed to adapt to a normal reccvding density medium is 
used to read out a high recording density medium, it cannot 
read out a correct tracking eiror signal since a projecting 
spot may overlap with both of the adjacent pit rows due to 
the long diameter thereof. Also, when an optical head device 
whidi is designed to adapt to a high recording density 
medium is used to read out a normal recording density 
medium, it cannot read out a correct tracking error signal 
since the non-sensing area may occur between pit rows due 
to the short diameter of the projecting spot 



Accordingly, it is an object of the invention to provide an 
optical head device in which a correct readout of the tracking 
^ error signal can be obtained. 

It is a further object of the invention to provide an optical 
head device in which a correct readout of the tracking error 
signal can be obtained regardless of a recording density on 
a recording medium. 
IQ According to the invention, an optical head device, comr 
prises: 

a light source for projecting laser lig^t; 
a beam splitter for reflecting the laser light onto an optical 
disk; 

1^ an objective for focusing the reflected light on an infor- 
mation recording surface of the optical disk to form a micro 
spot thereon; 

an optical detector for receiving a light conqionent trans- 
mitted through the beam splitter of tight reflected on the 
^ information recording surface and converting the ligjit com- 
ponent into an electrical signal; 

a variable aperture device for varying a diameter of the 
micro spot according to an external input, the variable 
^ aperture device being provided between the beam splitter 
and the objective; and 

a variable rotation angle diffiraction grating for varying a 
rotation ang^Le of a sub-beam for tracking of the laser light 
according to an external input, the variable rotation angle 
3Q diffraction grating being provided between the light source 
and the beam splitter. 

In accordance with the optical head device of the 
invention, the diameter of a projecting spot formed on an 
optical disk can be controlled by enlarging or reducing the 
35 aperture of the variable aperture device to adapt to a record- 
ing density of the optical disk. Therefore, the occurrence of 
the non-sensing area where a reproducing signal cannot be 
detected can be prevented. 
Furthermore, since three t>eams can be located to match 
40 with the interval of pit rows by the variable rotation angle 
di&action grating, a tracking error signal can be stably 
detected. 

BRIEF DESCRIFnON OF THE DRAWINGS 

43 The invention will be explained in more detail in con- 
junction with the ^^pended drawings, wherein: 

FIG. 1 shows a schematic composition of a conventional 
optical head device, 

FIG. 2(a)-(c) illustrate relations between three beams for 
tracking error detection and a produced tracking error signal 
in a conventional optical head device, 

FIG. 3(fl>-(c) illustrate relations between three beams for 
tracking error detection and a produced tracking error signal 
^2 in a conventional optical head device, partioilarly in the case 
that the readout of the tracking error signal on a disk with 
normal recording density is conducted by using an optical 
head device which is deigned to ad^t to a disk with h^ 
recording density. 
^ FIG. 4 shows a schematic composition of an optical head 
device in a preferred embodiment according to the 
invention, 

FIG. 5 is a plan view showing a variable aperture device 
of the optical head device in FIG. 4, 
65 FIGS. and 6B show relations between an aperture 
diameter of an objective and a diameter of a projecting spot 
on an optical disk, and 
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FIG. 7 is a plan view showing a variable rotation angle projecting spot 14 which corresponds to zero-ordered light 

diffraction grating of the optical head device in FIG. 4. in the center of the three beams on the pit row IL Further, 

tracking control is conducted by using a tracking error signal 

DESCRIPTION OF THE PREFERRED produced by the diffaential anq)lifier 20 from incidence 
EMBODIMENTS 5 gp^^s on the light receiving parts 18, 19 by the reflexion of 

Before explaining an optical head device in the prcfcrrcd the projecting spots 15, 16 which correspond to dtl-ordered 

embodiment, the aforementioned conventional optical head lights on the pit rows 12, 13. 

device will be explained in HG. 1- As shown in (a) of FIG. 2, in which "on-trackT state is 

The conveotioBal optical head device comprises a semi- illustrated, the incidence spot obtained from the projecting 

conductor laser 2 as a light source, a difiEraction grating 3 for spot 14 is correctly located on the light receiving part 17. In 

generating three beams from the emitting light emitted of the this state, the incidence spots obtained from the projecting 

semiconductor laser 2, a beam splitter 4 for sqjarating the spots 15, 16 corresponding to the ±l-ordered lights are 

inciding light into two directions, an objective 5 for focusing eqmvalently incided on the pit rows 12, 13. Thus, the value 

light on an optical disk 1 and optical detector 6 for convert- of the tracking error signal produced by the dijfferential 

ing the inciding light into an electrical signal wherein a light amplifier 20 is **0". 

beam is focused on the optical disk 1 to form a micro spot On the other hand, as shown in (b) of FIG. 2, which 

thereon and a reproduction signal is taken from the reflecting illustrates the state that beams arc displaced to the right, the 

light intensity of the detection signal at the light receiving part 18 

In operation, laser light emitted from the semiconductor becomes higher and the intensity of the detection signal at 

laser 2 transmits through the diffraction grating 3 to form the the light receiving part 19 becomes lower. As a result, the 

three beams for detecting a tracking error signal. The beams value of the tracking error signal produced by the differential 

are reflected on the beam splitter 4 and then are focused by ampMcr 20 becomes minimum. Further, as shown in (c) of 

the objective 5 to form the micro spot on the optical disk 1. FIG. 2, which illustrates the state that beams are displaced 

The light reflecting on the optical disk 1 transmits through to the left, the intensity of the detection signal at the light 

the objective 5 and beam splitter 4 and then inddcs to the receiving part 18 becomes lower and the intensity of the 

light receiving surface of the optical detector 6 to be detection signal at the light receiving part 19 becomes 

converted into an electrical signal. Ha*c, the light reflecting higher. As a result, the value of the tracking error signal 

on the optical disk 1 transmits through the objective 5 and produced by the differential amplifier 20 becomes maxi- 
beam splitter 4 to generate astigmatism and then is lead to ^ mum. 

a signal detecting optical system, inciding to the optical In the case as shown in FIG. 2, the three beams for 

detector 6 to produce a focusing error detection signal The detecting the tracking error produced by the diffraction 

focusing control which responds to the variation of the disk grating 3 have a focused spot diameter which match the size 

surface can be performed such that a focusing coil is of pits on the high recording density disk. Therefore, in the 

acmated by a focus servo circuit(not shown) to move the (b) and (c) states that the beams arc displaced to the right or 
objective 5 in the direction of an optical axis. ^ left due to the eccentricity of disk, the difference of light 

On the other hand, the rotation position of the di£fraction intensity between +l-ordered lights becomes maximum 

grating 3 is set such that ±l-ordcred lights of the three beams while the value of the tracking error signal in "on-track** 

formed by the diflfraction grating 3 which appear before and state is "0". Namely, as shown to the bottom in HG. 2, the 
behind of central beam( zero-ordCTcd light) locate at the both ^ tracking error signal changes in the form of **S** letter. Since 

side tracking pits on the disk. The reflecting light of the a continuous signal curve with the "S** letter shape can be 

±l-ordered lights transmits through the objective 5 and obtained due to the eccentricity frequency of the disk, the 

beam splitter 4 to incide to a light receiving part for tracking position of the objective can be controlled according to the 

error detection of the optical detector to convert them into disk eccentricity. 

electrical signals. From the electrical signals, a difference FIG. 3 shows the case that &e readout of the tracking otot 

signal is made through a differential amplifier to generate a signal on a disk with normal recording density is conducted 

tracking error detection signal. The tracking control which by using an optical head device which is designed to adapt 

responds to the eccentticity of the disk can be performed to a disk with high recording density. In this optical head 

such that a tracking coil is actuated by a tracking servo device, the diameter ofprojecting spots on the disk is fiirther 

circuit(not shown) to move the objective 5 in the direction shortened. 

normal to the optical axis. As shown in (a) in HG. 3, in which "on-track" state is 

FIG. 2 shows relations between three beams and a track- illustrated, the value of the tracking error signal is **0" 

ing error signal in a conventional optical head device, where similarly to the case in HG. 6. However, also in Uie case as 

(a) illustrates "on-track** state, (b) illustrates the state that shown in (b) of FIG. 3, which illustrates the state that beams 
beams are displaced to the right and (c) illustrates the state 55 are completely displaced from tracking pits, the tracking 

that beams are displaced to the left. error signal takes the value "0" since none of the projecting 

In FIG. 2, 11, 12 and 13 are pit rows on a disk, 14, 15 and spots are overlapped with any pit rows. In addition, as shown 

16 are projecting spots generated by three beams from laser in (c) of FIG. 3, which illustrates the state that the beams are 

light, 17, 18 and 19 are light receiving parts corresponding further displaced, the tracking error signal takes the maxir 
to the three beams and 20 is a differential amplifier. 60 nium value again. In the state that the tracking error signal 

Here. FIG. 2 shows the case that reproduction is con- takes the value **0" even if the beams are completely 

ducted using the optical head device which can respond to displaced from the tracking pits, the tracking servo circuit 

a disk with high-density recording capacity by shortening cannot work conectly, thereby causing a failure in the 

the laser light wavelength A. and by increasing the numerical readout of disk information. 

aperture of an objective. Focusing control is conducted by 65 Next, an optical head device in the preferred embodiment 

using a focusing error signal obtained from an incidence will be explained in FIGS. 4 to 7, wherein like parts are 

spot on the light receiving part 17 by the reflection of the indicated by like reference numerals as used in FIG. 1. 
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As shown in FIG. 4, the optical head device in the 
embodiment further comprises a variable rotatioii angle 
diffiaction grating 3A and a variable aperture device 7. 

In operation, laser lig|it emitted from a semiconductor 
laser 2 transmits through the variable rotation angle diffiac- ^ 
tion grating 3A to form three beams for detecting a tracking 
error signal. The beams are reflected on a reflection mirror 
4 which comprises a half mirror or the .like( in general, a 
beam splitter) and then transmit through the variable tex- 
ture device 7. The variable aperture device 7 is designed to lO 
transmit light through the aperture of an objective 5. The 
laser light transmitted through the variable aperture device 7 
and objective 5 is focused to a micro beam with a size 
determined by the numerical aperture of the objective 5 to 
form a micro spot on an optical disk 1. The light reflecting 
on the optical disk 1 transmits again through the objective 5 
and variable aperture device 7 to indde the reflection mirror 
4 through which the light transmits with refracting according 
to Snell's law. 

In the light transmitted through the reflection mirror 4, a ^ 
light component parallel to the plane of HG. 4 is enlarged 
and the other component perpendicular to the plane of FIG. 
4 is transmitted as it is, thereby causing astigmatism. The 
focusing error signal is detected using the astigmatism. The 
light transmitted through the reflection mirror 4 incides to ^ 
the lig^t receiving surface of an optical detector 6 to be 
converted into an electrical signal. Fiom the electrical 
signal, an infonnation reproducing signal, focusing error 
signal and tracking ^or signal are desirably detected. 

FIG. 5 shows a structure of the variable aperture device 7. 
The variable aperture device 7 conq»ises a glass plate or 
crystal optical member 8, a ring formed on the glass plate or 
crystal optical member 8 which comprises an optical device 
that transmission and interception of light can be controlled 
and which has a diameter to be matched with the aperture 
diameter of the objective 5 and electrodes 10 for supplying 
current with the ring 9. 

An example of the optical device that transmission and 
intercq)tion of light can be controlled is an acoustooptic ^ 
member. When the ring 9 is conqx^scd of an acoustooptic 
member, the transmission and interception of light can be 
controlled by ON or OFF of the current through the elec- 
trodes 10 to enlarge or reduce the transmissible area by 
polarization to control the aperture diameter of the objective 
5. The variable aperture device 7 may be formed integrated 
with the objective 5. 

FIGS. dA and 6B show relations between an aperture 
diameter of the objective 5 and a diameter of a projecting 
spot on the optical disk 1. FIG. 6A illnstrates a normal 50 
aperture and FIG. 6B illustrates a narrowed apieature. 

When the aperture diameter of the objective 5 is varied by 
the variable aperture device 7, incidence light is focused to 
match with the numerical number of the objective 5. In the 
normal aperture, as shown in FIG. 6A, the diameter of the 55 
projecting spot on the q)tical disk 1 is short In the narrowed 
aperture, even when the objective 5 with the same numerical 
number is used, the diameter of the projecting spot on the 
<^cal disk 1, as shown in FIG. 6B, becomes long as in the 
case that an objective with a smaller numerical ^)erture is 60 
used. 

FIG. 7 shows a structure of the variable rotation angle 
diffiraction grating 3A. The variable rotation angle diffrac- 
tion grating 3A conqnises a glass plate or crystal optical 
member 8, diffraction gratings A and B composed of acous- 65 
toqitic members which are formed on the glass plate or 
crystal optical member 8 and electrodes 10 for supplying 
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current wifli the diffraction gratings A and B. The rotation 
angles of diffiraction gratings A and B which are previously 
set to match with the location of the three beams can be 
selected by conducting current through dectrodes 10 to 
effect dther of the diffraction gratings A and B. Thus, by 
using the variable rotation angle diffraction grating 3A, the 
location on the optical disk 1 where the three beams are 
project can be controlled. 

As explained above, in the optical head device of the 
embodiment, the diameter of a projecting spot formed on an 
optical disk can be controlled by enlarging or reducing the 
apoture of the variaMe aperture device 7 to adapt to a 
recording density of the q)tical disk Therefore, the occur- 
rence of the non-sensing area where a reproducing signal 
cannot be detected can be prevented. 

Furthermore, since three beams can be located to match 
with the interval of pit rows by the variable rotation angle 
diffraction grating 3A, a tracking eaor signal can be stably 
detected. 

Although the invention has been described with respect to 
specific embodiment for coniplete and dear disdosure, the 
appended daims are not to be thus limited but are to be 
construed as embodying all modification and altemative 
constructions that may be occurred to one skilled in the ait 
which fairly fall within the basic teaching hGr& is set forth. 

What is daimed is: 
' 1. An optical head device, comprising: 

a lig^t source for projecting laser li^t; 
a beam splitter for reflecting the laser light onto an optical 
disk; 

an objective for focusing said reflected light on an infor- 
mation recording surface of said optical disk to form a 
miao spot thereon; 

an optical detector for recdving a light con^>onent trans- 
mitted through said beam splitter of light reflected on 
said information recording surface and converting said 
light coiiq)onent into an electrical signal; 

a variable aperture device for varying a diameter of said 
micro spot according to an external input, said variable 
aperture device bdng provided between said beam 
splitter and said objective; and 

a variable rotation angle diffiradion grating for varying a 
rotation angle of a sub-beam for tracking of said lasex 
light according to an external iaput, said variable 
rotation angle dififraoion grating being provided 
between said light source and said beam splitter. 

2. An optical head device, according to claim 1, wherein: 
said variable apature device is coiX9>osed of an electrical 

acoustooptic mcmb^ or a magnetooptical member. 

3. An optical head device, according to claim 2, wherein: 
said variable aperture device is composed of a glass plate 

or crystal optical member on which said electrical 
acoustooptic member or magnetooptical member for 
controlling transmission and interception of light is 
provided 

4. An optical bead device, according to claim 1, wherein: 
said variable aperture device is integrated with said objec- 
tive. 

5. An optical head device, according to claim 1, wherein: 
said variable rotation angle diffraction grating is com- 
posed of an electrical acoustooptic member or a mag- 
netooptical membo^. 
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6. An optical head device, according to claim 5, whexein: 
said variable rotation angle diffraction grating is com- 
posed of a glass plate or crystal optical member on 
which said electrical acoustooptic member or magne- 
tooptical member for varying said rotation angle is 
provided. 



8 



7. An optical head device, according to claim 5, wh^ein: 
said variable rotation angle diffiaction grating con^irises 
two or more difEraction gratings which are previously 
set to match with a location of said sub-beam. 
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